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Propagation Method 

The present invention relates to a method for the propagation of lytic organisms, 
and its use for the production of lytic organisms and proteins. 

5 A number of different organisms can be grown in tissue culture for use in 
research studies or vaccine production. Hov/ever, the titres obtained in tissue 
culture, although suitable for research purposes, are often too lov; to be 
commercially useful in the vaccine industry, so bulk preparations of vaccines 
(e.g. flu vaccine) are often cultured in chicken eggs. This system provides very 
10 high titres of virus but requires a large amount of processing and quality control 
of product before release. The process is very labour intensive and has 

p r oblems wi th cont i nu i ty o f supply and reproduc i bi li ty of product from batch to 

batch. Hence there is a need for large scale, reproducible, high titre production 
of organisms. 

15 

Another area that feels a critical need for large scale high titre reliable virus 
production is gene therapy. Recombinant adeno-associated virus vectors have 
recently been shown to be efficient, non-immunogenic and persistent vectors for 
gene therapy. However, current technologies are unable to produce the 
20 amounts of recombinant viruses needed for this field to move forward (Linden. 
R.M and Woo, S.L.C. Nature Medicine 5(1) 1999 pp 21 - 22.) 

The culture of lytic organisms is particularly difficult as these quickly destroy the 

cell population they are grown in. The insect virus baculovirus is a lytic organism 
25 which can be used for the production of proteins. These viruses can be 

engineered for recombinant protein expression (Gruenwald, S. and Heitz, J. 

Baculovirus expression vector system; Procedures and methods manual. 

Pharmingen). They are generally grown in spinner culture, in which maximum 

infection and hence maximum protein production is reached after two days. A 
30 longer term culture of baculovirus would produce greater amounts of protein, 

and be extremely useful but, until now, has not been possible. 



35 



The present invention provides a method for the propagation of lytic organisms 
which comprises the infection of the cells of a stable cell line within a hollow fibre 
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bioreactor with a lytic organism, wherein after said infection, said organism 
multiplies within the cell line and can be harvested, characterised in that the cell 
line can survive for at least ten days after infection. 

The invention further provides a method as described above, wherein the lytic 
organism contains nucleic acid encoding a protein of interest, and after said 
infection this protein is expressed by the ceils and can be harvested. 

In a preferred embodiment the cell line can survive for at least twelve days after 
infection, preferably 15 days, more preferably 20 days. Particularly preferred is 
when the cell line can survive for 25, 30, 40, 50 or 60 days after infection with 
the l yLiu u i yciM i bi i i. Fui the du i aliun uf Ihe l i me il i cil [he ce ll line su r vives, the l ytic 
organism is produced and can be harvested. Also, if the lytic organism contains 
nucleic acid encoding a protein of interest, this is expressed as long as the cell 
15 line survives, and han/ests can be taken during this time. 

Further provided is any of the methods as described above which further 
comprises the step of harvesting of either the lytic organism or the expressed 
protein. This step comprises removal of the lytic organism or the expressed 
20 protein from the bioreactor by any means. Preferably, the lytic organism or the 
expressed product is removed by flushing of the medium from the bioreactor. 

^ Throughout the present specification and the accompanying claims the words 

"comprise" and "include" and variations such as "comprises", "comprising", 

25 "includes" and "including" are to be interpreted inclusively. That is, these words 
are intended to convey the possible inclusion of other elements or integers not 
specifically recited, where the context allows. 

A Hollow fibre bioreactor as used in the method of the invention is a continuous 
30 perfusion system. One example of a typical hollow fibre bioreactor is BR1910 
which is available from UNISYN® Technologies. The reactor employs multiple 
fibres consisting of semipermeable polymeric membranes. The membranes 
may be made of different materials. Preferably the semipermeable polymeric 
membranes are cellulose acetate. 




35 



The fibres provide a large surface area for cell contact, in a relatively compact 
system. The cell line grows outside the fibres in the extracapillary space (ECS), 
and fresh medium is passed through the fibres in the intracapillary space (ICS). 
Typically, small molecular weight cellular nutrients and metabolic waste products 
5 can pass between the ICS and the ECS whilst cells and lytic organism or 
expressed protein products are confined to the ECS. A "feed" or "factor addition" 
port is used to introduce the lytic organism, or to feed large molecular weight 
nutrients into the ECS. A harvest port is used to remove the medium containing 
the harvest from the ECS. 

10 

Infection comprises introducing the lytic organism into the ECS so that it may 

infec t the cells of the stable cel l l ine. Preferably, the lytic organism i s introduc e d 

as a suspension, or more preferably as a seeder culture. A seeder culture 
comprises a small number of cells which are of the same cell line as is within the 
15 bioreactor. The cells of the seeder culture, however, additionally comprise the 
lytic organism. The seeder culture is introduced into the ECS, and the cells of 
the seeder culture lyse, causing the lytic organism to be released into the ECS. 

The term lytic organism as used throughout the specification and claims is 
20 intended to encompass any organism, whether in its natural state, or which has 
been modified genetically or in any other way, which is capable of infecting a ceil 
and subsequently causing it to lyse. The lytic organism is destructive to the cells 
it infects. Multiplication of the organism within the cell leads to lysis and death of 
the cell and release of the organism into the surrounding medium. In the 
25 situation where the lytic organism contains nucleic acid encoding a protein of 
interest, this protein is expressed by the cell before lysis. 

Typical lytic organisms encompass eukaryotes, prokaryotes, for example 
mycobacteria, and viruses, for example baculovirus; herpesviruses such as 

30 HSV-1, HSV-2, VZV; parvoviruses such as B19, AAV-2; arboviruses such as 
rubella, yellow fever, sandfly fever, lymphocytic choriomeningitis, Getah 
arbovirus, and including arenaviruses, buyaviruses, flaviviruses, togaviruses; 
diarrhoea viruses such as astroviruses, caliciviruses, reoviruses, rotaviruses, 
porcine epidemic diarrhoea virus; polyoma viruses such as SV40; picornaviruses 

35 such as poliovirus, enterovirus e.g. echovirus, rhinovirus; papillomaviruses such 
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as human papillomavirus and bovine papillomavirus; filoviruses such as marburg 
virus, ebola virus; poxviruses such as smallpox, copox, variola virus, vaccinia; 
adenoviruses; orthomyxoviruses such as influenzavirus A, influenzavirus B, 
influenzavirus C, thogoto-like viruses; paramyxoviruses such as 
5 Parainfluenzavirus 1-4, senai virus, mumps, Newcastle disease virus; 
orbiviruses for example rheoviruses, bluetongue virus; iridoviruses such as 
African seine fever virus, and Moriblliviruses such as measlesvirus, rinderpest 
virus, canine distemper virus, pneumovirus, repsiratory syncytial virus; also 
African swine fever virus, bluetongue virus, bovine leucosi. echovirus and 
^10 revirus. Preferably the lytic organism is a virus, more preferably it is adenovirus 
or a baculovirus. 



In some situations, a modified lytic organism will be preferable to a lytic 
organism in its natural state, for example the use of baculovirus containing 
15 nucleic acid encoding a protein of interest to achieve expression of that protein, 
or in another case, when producing organisms for vaccines or gene therapy it 
may be desirable to use a lytic organism which has been modified to be 
replication defective, or attenuated in some way to make it less harmful to 
humans. 

20 

The term stable cell line as referred to above is intended to encompass all cell 
lines that are capable of growing in the extra capillary space of the bioreactor to 
establish a population of 10^ cells per ml. At the point of infection with the lytic 
organism, the cells are preferably confluent. By confluent is meant that when 

25 examining the cells by eye, they have grown to cover the majority of the surface 
area. At the point of infection with the lytic organism, the cell density will 
preferably be 10^ cells per ml. More preferably the cell density will be 10' cells 
per ml. Particularly preferred is when the cell density at the point of infection 
with the lytic organism is 10^ or 10^ cells per ml. It is thought to be due to the 

30 high cell density used in the method of the invention that the cell line can survive 
for so long after infection of the lytic organism. The cells are postulated to form 
a matrix, which prevents all the cells within the matrix becoming infected 
immediately, and hence allows the cell line to survive and proliferate for longer. 




Such cell lines include, for example, stable higher eukaryotic cell lines such as 
mammalian cell lines or insect cell lines, lower eukaryotic cell lines such as yeast 
cell lines or prokaryotic cell lines such as bacterial cell lines. The particular cell 
line criuben will vary depending on whether the desired product is a lytic 
5 organism, or the expression product of nucleic acid contained within the lytic 
organism, and also the lytic organism used for infection. In the situation where 
the lytic organism contains nucleic acid encoding a protein of interest, and this 
protein is produced within the cell line, the cell line selected will preferably be 
one which allows for the correct post-translational modification of that protein to 
10 occur. Particular examples of cells which can be used are vero cells which are 
susceptible to many typical lytic organisms as described above, for example 

adenov i rus 12, African sw i n e f e v e r virus, arboviru s , b l u e tongu e v i ru s , e chov i rus, 

Getah arbovirus, herpes simplex virus, influenza virus, orbivirus, orthomyxovirus, 
paramyxovirus, poliovirus 3, porcine epidemic diarrhea virus, rheovirus and 
15 rubella; Hep-2C cells which are susceptible to, for example arbovirus and 
measles virus; PerC6 cells which are susceptible to, for example adenovirus; 
SF9 or Tni cells which are susceptible to, for example baculovirus, and human 
macrophage cell lines such as THP-1 which is susceptible to, for example 
mycobacteria such as tuberculosis or BCG. 

20 

It will be understood by a person skilled in the art that the conditions within the 
bioreactor may vary depending on which cell line is used, which lytic organism is 
used for infection, and whether the desired product is a lytic organism, or the 
expression product of nucleic acid contained within a lytic organism. 

25 Particularly, the medium used will vary depending on the cell line. For example 
when using a mammalian cell line such as Vero cells, THP-1 cells or PerC6 
cells, the medium is preferably DMEM, RPMI, Ham's F12, or similar medium or a 
custom derived medium specific for each cell line. When using an insect cell line 
such as Tni or SF-9, the medium is preferably SF900II, TC100 or similar insect 

30 cell medium. Supplements, for example antibiotics, feotal calf serum (PCS), 
glutamax"^^, S-Aminolaevulinic Acid, ferric citrate, nicotinic acid, riboflavin and 
hemin chloride may be added when necessary, for example when producing a 
specific protein. 
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The nucleic acid referred to in the specification and the claims as being 
contained within the lytic organism may be in the form of RNA or DNA, for 
example cDNA, genomic DNA, or synthetic DNA. The nucleic acid can be, for 
example, a whole gene, the coding region of a gene, a desired fragment of a 
5 gene or a wholly synthetic nucleic acid, depending on the protein required. 

The term "protein" as used throughout the specification and the claims is also 
intended to include within its meaning shorter peptide or polypeptide sequences 
as well as complete proteins. The method of the invention is useful for the 

^10 production of full length proteins, including but not limited to, receptors, 
cytokines, growth factors, adhesion molecules for example ICAM, and enzymes, 

for example uyluuhiuine p450 fecJuclase ui lyiusiiie kinase. The iiielliud of iMe 

invention can also be used to produce truncated proteins, chimeric proteins or 
fragments of proteins for example an antigenic portion, or a ligand binding site. 
15 Wholly synthetic polypeptide sequences of any desired length can also be 
produced by this method. Any of the proteins which can be produced by the 
method of the invention can also be produced in modified form for example by 
the deletion, modification or addition of single amino acids or groups of amino 
acids within the protein sequence 

20 

In another aspect of the invention, in the method described above, after harvest 
the cell line is allowed to re-populate the bioreactor preferably with the 
^ introduction of fresh medium, but without introduction of any further cells into the 

bioreactor, and at least one subsequent harvest may be taken, with the cell line 

25 being allowed to re-populate the bioreactor after each harvest. Preferably at 
least two subsequent harvests may be taken, more preferably at least three, four 
or five subsequent harvests may be taken. This aspect applies both to the 
situation where the lytic organism itself is han/ested, and where the lytic 
organism contains nucleic acid encoding a protein of interest, and the protein is 

30 han/ested. 

The repeated harvesting of product and repopuiation of cells is thought to occur 
in the following way. Following addition of the lytic organism into the ECS of the 
hollow fibre bioreactor containing the stable cell line, it seems that the lytic 
35 organism will infect some of the cells of that cell line, where it will multiply and 
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cause subsequent lysis of these cells, releasing the lytic organism produced 
within that cell into the bioreactor. This will then go to infect more cells, multiply 
within them and cause their lysis. In this way the organism multiplies, and the 
ceil line is gradually caused to iyse and die. However, due to the high cell 
5 density used in the method of the invention, it appears that the lytic organism will 
not undergo this cycle sutficiently frequently to infect all of the cells of the cell 
line before harvest. At harvest, most of the lytic organisms are removed. After 
harvest the bioreactor contains cells infected with the lytic organism which have 
not yet lysed and healthy, uninfected cells. At this point, if fresh medium is 
10 added to the bioreactor, the cells remaining within the bioreactor continue to 
divide and grow, and repopulate the bioreactor, providing a fresh population of 

ce l ls for the cycio of i nfection and l ysio to continue. — I n th e situation where the 

lytic organism contains a nucleic acid encoding a protein of interest, the new 
population of cells will express this protein, which can be harvested. Thus in this 
15 aspect, the invention provides a method for cyclical production of lytic 
organisms or a desired protein. 

In another aspect of the invention is provided a method for studying the effects 
of molecules on a lytic organism which comprises infection of the cells of a 

20 stable cell line within a hollow fibre bioreactor wherein after said infection, 
varying amounts of said molecules may be added, and their effects on the lytic 
organism measured, characterised in that said cell line can survive for at least 
ten days after infection. Thus is provided, for example, a means of testing the 
effect of drugs on the infectivity or life cycle of an organism, or a means of 

25 testing the pharmacokinetics or pharmacodynamics of drugs during an infection 
caused by a lytic organism. As the present invention provides longer term 
survival of the cell line after infection than existing systems, drug interactions 
and effects can be studied over a longer time period, opening the possibility of 
using the system for looking at the effect of molecules on chronic infections for 

30 example Herpes Simplex Virus , Papilloma virus, or mycobacterial infections. 



Brief description of the figures: 
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Figure 1: Adenovirus production in a hollow fibre bioreactor. This figure shows 
both the long term production before harvest (21 days) and the repopulation of 
the bioreactor, leading to further virus growth after harvest, up to 60 days. 

5 Figure 2: Production of cytochrome p450 reductase after infection with 
baculovirus containing DNA encoding this protein. The OD450 (measured by 
Virus specific ELISA) is proportional to the viral litre, and the solid bars show the 
protein levels harvested in activity units. This graph indicates that long term 
production is possible with this method, with significant amounts of protein being 

^10 han/ested at 14 days after infection, a much longer term than has been possible 
before. It can also be clearly seen from the graph that cyclical production of the 

p i uleiii ib possib l e, with a subsequent increase bo t h in virus lit r e and prote i n 

production after the first harvest. 

15 Figure 3: Production of the mycobacterium BCG within THP-1 cells in a hollow 
fibre bioreactor. Samples were taken at 4, 8, 14 and 21 days after infection. 
The large circles are macrophage cells. This figure indicates long term survival 
of the cell line and production of BCG. 

20 Examples 

Example 1 : Cyclical production of mammalian virus. 

i 

For adenovirus specifically, the cells used are PerC6 cells (introgene). However, 
25 this method is applicable to all mammalian cell lines and mammalian viruses 
described in the specification. 

Cells were grown in 6 x 175sq.cm. flasks in DMEM (Life Technologies) 
supplemented with 2mM glutamax '^^(Life Technologies) , 5% FCS (Life 

30 Technologies). 

The cells were scraped off or aspirated off at confluence and transferred to the 
extracapillary space (ECS) of a BR1910 (Unisyn Technologies) hollow fibre 
bioreactor (19sq.ft surface area, lOkD molecular weight cut off, membrane 
material cellulose acetate) . Routinely around lOeS cells are inoculated into the 

35 ECS of each BR1910. 




9 

The intracapillary space (ICS) was constantly perfused vyith DMEM {Life 
Technologies}supplemented with 2mM glutamax ^^^Life Technologies), at a 
recirculation rate of 100 - 500 ml/min. The re-circulation rate is low at the time of 
inoculation and the rate increases with time in culture as the ceii density within 
5 the bioreactor increases. 

The recirculating medium was held in a reservoir containing 1.0 litre, with a 
continuous medium change via a feed and harvest skimmer system of 0.8 
litres/day to 2.0 litre /day. The feed rate is set low at inoculation and increases 
with cell density overtime. 
10 The medium was oxygenated by an OXY10 (Unisyn Technologies) oxygenation 
cartridge (lOsq.ft. surface area, pore size 0.2um, membrane material 

microporous poly e thyl e ne fibre) p e rfu se d w i th 95% air/ 5% C02 a t a pr ess ur e of 

2 psi. 

Cells were then grown until the bioreactor was deemed to be confluent by eye 
15 (usually between 20 and 80 days). The cell mass in the ECS received regular 
feeding by exchanging 50ml of the spent ECS medium with 50ml fresh medium 
consisting of DMEM(Life Technologies) /5%FCS(Life Technologies) 
/2mMglutamax (Life Technologies) at intervals not less than weekly. Fresh 
medium is introduced and spent medium removed via the feed and harvest ports 
20 in the bioreactor. 

Virus was inoculated into the ECS via one of the feed and harvest ports, and the 
infection allowed to continue until a suitable harvest point. In the first instance, 
samples were taken to monitor progress of the infection, and harvests were 
taken subsequently at 7 - 10 day intervals. The ECS was extensively harvested 
25 by flushing with 2 x 50ml aliquots of culture medium and by passing medium 
across the membrane - ie from ICS to ECS, and the product stored for 
subsequent analysis. 

The cell mass in the ECS was then allowed to regenerate by feeding with DMEM 
(Life Technologies) supplemented with 2mM glutamax ™ (Life Technologies), 
30 5% PCS (Life Technologies), and virus titre was monitored to determine the 
"recovery " phase. See figure 1 for results. 

Example 2: Production of a protein of interest from a baculovirus containing 
DNA encoding that protein. 
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The cells were SF9 cells, at a concentration of around 10^' cells/ml. The cells 
were maintained using standard methodoiogies, with a passage frequency of 3- 
4 days. The mediunn used is a specialist insect cell culture medium, SF900 II 
(supplemented), obtained from Life Technologies (Cat. No.041 -94322). This is 
5 also made up to contain Ultra Low IgG Foetal Bovine Serum (U.S.) at a 
concentration of 10%, that was also obtained from Life Technologies 
(Cal.No,10118-164). 

In order to inoculate the bioreactor, it is necessary to produce around 10e8 
cells. Thus 4 x 225cm^ tissue culture flasks are inoculated to produce these 
^10 cells. Inoculation of the cells is carried out via the factor addition port of the 
bioreactor, into the ECS. Excess medium is removed via the han/est port., Once 

the cells are inocu l at e d, the f ee d and han/ e st ports arc c l os e d, and th e re- 

circulation and feed/waste pumps are switched on. 

The cells are left for 7-21 days in order to adapt to their new situation, before 
15 infection with virus occurs. This period can be longer if required, as the cells can 
be maintained in the bioreactor indefinitely. During this period air should be run 
through the oxygenator to saturate the medium with oxygen. The pumps should 
be running at between 0.8 and 2 litres/day for the feed and waste skimmer 
pump(increasing with cell density), and the re-circulation pump at around 100 - 
20 500ml/min(also increasing with cell density).The temperature should be a 
constant 27 °C. 

The infection with virus is carried out at a multiplicity of Infection (MOI) estimated 
^ to be 1.0. Thus the volume of virus suspension that should be added will depend 
on the concentration of virus (in PFU/ml) and the number of cells present in the 
25 bioreactor. 

Addition of the virus is done through the factor addition port, along with SF900 
and the required volume of any necessary supplements (see example 4). Some 
of the medium forced out of the harvest port is retained to give a time 0 sample. 
The bioreactor is then sampled at day 2, 4 and 6, and at subsequent weekly 

30 intervals to monitor the infection, initially samples should be of 50ml,taken while 
adding fresh medium, PCS and other supplements. Larger han/ests are taken as 
detailed in example 1, These large samples are then carried out on a weekly 
basis to monitor long term virus and protein production. As in example 1, this 
system can be operated in a cyclical manner by allowing the cell mass to 

35 regenerate by feeding with fresh medium, and any necessary supplements. 




Example 3: Production of Cytochrome p450 from baculovirus 
This is essentially as described in example 3. However, due to the abnormally 
5 high levels of P450 and P450 reductase expression that should occur in the 
system if these proteins are being produced^ the cells will require higher than 
normal levels of certain nutrients, in order to maintain their intracellular 
reservoirs. To this end the cells are supplied with certain supplements: 
5-Aminolaevulinic Acid (6ALA) at 0.1 mM, 
10 Ferric Citrate at 0.1 mM, 

Nicotinic Acid at O.OSjaM, 

Riboflavin a t 0.01 |aM, 

Hemin Chloride at 2mg/l solution. 
All these supplements were obtained from Sigma Biosciences, and made up as 
15 stock solutions using SF900 medium as before. The exceptions are ferric citrate, 
which should be dissolved in boiling water, and hemin chloride, which should be 
dissolved in 0.1 M sodium hydroxide after which an equal volume of water should 
be added. These supplements are used in the concentrations indicated, and 
should be added to both the bioreactor ECS and the feed bottle/bag in order to 
20 maintain the required concentration throughout the system. Note that these 
supplements are only required once the cells have been infected with the 
baculovirus and if the baculovirus insert contains the P450 and reductase 
genes. Inserts not producing P450 will not require the supplements. See figure 
2 for results. 

25 

Example 4; Production of BCG 

THP-1 cells were grown in 6 x 175sq.cm. flasks in DMEM (Life Technologies) 
supplemented with 2mM glutamax ™(Life Technologies) , 5% PCS (Life 
Technologies). 

30 The cells were scraped off or aspirated off at confluence and transferred to the 
extracapillary space (ECS) of a BR1910 (Unisyn Technologies) hollow fibre 
bioreactor (19sq.ft surface area. lOkD molecular weight cut off, membrane 
material cellulose acetate) . Routinely around lOe^ cells are inoculated into the 
ECS of each BR1910. 
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The intracapillary space (ICS) was constantly perfused with DMEM {Life 
Technologies}supplemented with 2mM glutamax ™(Life Technologies), at a 
recirculation rate of 100 - 500 ml/nnin. The re-circulation rate is low at the time of 
inoculation and the rate increases with time in culture as the cell density within 
the bioreactor increases. 

The recirculating medium was held in a reservoir containing 1.0 litre, with a 
continuous medium change via a feed and harvest skimmer system of 0.8 
litres/day to 2.0 litre /day. The feed rate is set low at inoculation and increases 
with cell density overtime. 

The medium was oxygenated by an OXY10 (Unisyn Technologies) oxygenation 
cartridge (lOsq.ft. surface area, pore size 0.2um, membrane material 
m i croporouo polyethylene fibre) perfused with 05% a i r/ G% C02 at a pressu r e of 
2 psi. Cells were then grown for three weeks. The cell mass in the ECS 
received regular feeding by exchanging 50ml of the spent ECS medium with 
50ml fresh medium consisting of DMEM(Life Technologies) /5%FCS(Life 
Technologies) /2mMglutamax (Life Technologies) at intervals not less than 
weekly. Fresh medium is introduced and spent medium removed via the feed 
and harvest ports in the bioreactor. 

The cell mass at confluence was treated with phorbol myristic acid (PMA) at 
5ng/ml to induce differentiation. 24 hours after differentiation, 10e8 cfu of BCG 
were added to the bioreactor, and infection monitored by sampling at time 
intervals over 30 days. Final harvests were by flushing the ECS with medium, 
flushing medium across the membrane, flushing out the ECS in 2% SDS,and 
finally 5mM arabinose. 

Samples were retained for analysis. See figure 3 for results of infection. 



The application of which this description and claims forms part may be used as a 
basis for priority in respect of any subsequent application. The claims of such 
subsequent application may be directed to any feature or combination of 
features described herein. They may take the form of product, composition, 
process or use claims and may include, by way of example and without 
limitation, one or more of the following claims: 
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Claims 

1 . A method for the propagation of lytic organisms which comprises the 
5 infection of the cells of a stable cell line within a hollow fibre bioreactor with a 

lytic organism, wherein after said infection, said organism multiplies within 
the cells and can be harvested, characterised in that the cell line can survive 
for at least ten days after said infection. 

10 2. The method of claim 1 which further comprises the step of harvesting the lytic 
organism, by removal of said organism from the bioreactor. 

3. A method according to claim 1, wherein the lytic organism contains nucleic 
acid encoding a protein of interest, and after said infection this protein is 

15 expressed by the cells and can be harvested. 

4. The method of claim 3 which further comprises the step of harvesting the 
protein of interest by removal of said protein from the bioreactor. 

20 5. A method according to any preceeding claim, characterised in that the cell 
line can survive for at least 15 days after infection. 

6. A method according to any preceeding claim, characterised in that the cell 
line can survive for at least 20 days after infection. 
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7. A method according to any preceeding claim, wherein after harvest, the cell 
line is allowed to re-populate the bioreactor, and at least one subsequent 
harvest may be taken, with the cell line being able to re-populate the 
bioreactor after each harvest. 

8. A method according to claim 7 wherein at least 2 subsequent harvests may 
be taken. 
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A method according to claim 7 wherein at least 3 subsequent harvests may 
be taken. 
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10. A method according to any one of the proceeding claims wherein said lytic 
organism is a virus. 

5 1 1 . A method according to claim 1 0 wherein said virus is a baculovirus. 

12. A method according to claim 10 wherein said virus is an adenovirus. 

13. A method for studying the effects of molecules on a lytic organism which 

0 comprises the infection of the cells of a stable cell line within a hollow fibre 

bioreactor, wherein after said infection, varying amounts of said molecules 

may be added, and their effects on the I'/tic orgaii i sm mcaaurcd, 

characterised in that said cell line can survive for at least ten days after 
infection. 



14. An apparatus for carrying out the method according to any proceeding claim 
comprising a hollow fibre bioreactor containing a stable cell line capable of 
surviving for at least ten days after infection of the cells of said cell line with a 
lytic organism. 
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Figure 1 



adenovirus production in hollow 
fibre bioreactor 
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Figure 2. 



Variation in P450 reductase activity and baculovirus titre 
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Figure 3 



Progress of BCG infection in THP-1 cells in 

a bioreactor 
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